J. Range Manage.
56: 306—313 July 2003

The economic logic of prescribed burning law and
regulation

JONATHAN YODER, DAVID M. ENGLE, MARCIA TILLEY, AND SAMUEL FUHLENDORF

Authors are Assistant Professor, Department of Agricultural and Resource Economics, Washington State University, Warth Distinguished Professor,
Department of Plant and Soil Sciences, Professor, Department of Agricultural Economics, and Associate Professor, Department of Plant and Soil Sciences,
Oklahoma State University, Stillwater, Okla. 74078.

Abstract Resumen

Prescribed burning has long been recognized as a useful tool in L& quema prescrita ha sido reconocida mucho tiempo como
rangeland management, but with it comes the risk of fire and una herramienta Util en el manejo de pastizales, pero con ella
smoke damage to the property of others. All but 2 states have Viene el riesgo de dafio por humo y fuego a otras propiedades.
codified laws specifying criminal penalties or liability rules for Exceptuando 2 estados el resto ha establecido leyes especificanc
prescribed burning, but the laws in a number of states have penalidades criminales o reglas por dafios a terceros para la
changed in recent years or are under review. We develop an eco-quema prescrita. Desarrollamos un modelo econémico de los
nomic model of the incentive and welfare effects of prescribed efectos del apoyo de gobierno e incentivos de la ley y regulacior
burning law and regulation in which the lielihood and extent of €n quema prescrita, en el cual los dafios a os vecinos y lo extens
external damage can be reduced by precautionary effort on the del dafio externo pueden ser reducidos por un esfuerzo precauto-
part of both the burner and/or the victim. The model provides 0 tanto del que quema como de la victima. EI modelo provee
implications regarding the comparative advantages to the public implicaciones relacionadas a las ventajas comparativas para el
of strict liability versus negligence rules. We conclude that the publico estricto en dafios a terceros versus reglas por negligen-
relative effectiveness of a liability rule depends in large part on cia. Concluimos que la efectividad relativa de una regla de dafos
the relative ability of burners and other landowners to mitigate & terceros depende en gran parte de la habilidad relativa de los
the probability and extent of damage, as well as the legal costsque queman y de otros propietarios para mitigar la probabilidad
associated with implementing a given liability rule. y extension del dafio, asi como de los costos legales asociados c

la implementacion de una regla de dafios a terceros dada.
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land fire, rangeland policy tion that it is among the most risky activities of federal land ma

agement agencies (U.S. Department of the Interior, U.
Prescribed burning is an inherently risky rangeland manag@®epartment of Agriculture 1995).

ment tool that can result in litigation and considerable liability The relative incentives for individual prescribed burners (ar
exposure to the prescribed burner. Through much of the@® society as a whole) versus the potential victims (individuals)
tury, prescribed fire was resisted by policy makers and many regeaped fire differ widely because of the widely varying liabilit
ural resources managers because fire was considered a detrinégd among states in the U.S. Virtually all states have codifi
to either ecosystem integrity or to ecosystem products (Pyieil or criminal statutory law for prescribed burning, but the
1982, Biswell 1989). Even though fire is now widely viewed assaructure of these laws varies substantially across states (Yode
useful vegetation and fuels management tool (Bernardo etadl.2003). Only 4 states impose strict liability on prescribed bur
1988, Svejcar 1989, Briggs and Knapp 1995, Zimmerman 198¥s. Under strict or unlimited liability, defendants are liable fc
Babbitt 1995, Pattison 1998), the exposure to liability remainghee damage caused by an escaped prescribed fire even if the
primary impediment to increased use of prescribed burning in theevidence of negligence on their part and regardless of the |
United States. At the same time, state and federal programs (eagutions taken to contain the fire. Most states with prescribed f
U.S.D.A. Environmental Quality Incentive Program) and policiesatutes impose negligence rules of some form on the prescri
encourage the use of prescribed burning. The Federal governrbeinter, but again, these negligence rules vary substantially aci
recognized recently the use of prescribed fire as an integral elates (Yoder et al. 2003). Not only do prescribed burning la
ment of wildland fire management, despite the explicit recogmiary substantially across states, but these laws currently are

flux. The laws in most states have been revised since 1990, ai

Published with the support of the Oklahoma Agricultural Experiment Statiorr]1umber of statutes are currently under review.

through project OKL02431. We greatly appreciate the valuable suggestions of éNe build on a mOde_l adapted from the law and economics it
anonymous referees. ature and developed in Yoder et al. 2003 to compare the capa
Corresponding Author:Jonathan Yoder, Department of Agricultural angf the different liability rules to induce the economically apprc

Resource Economics, P.O. Box 646210, Washington State University, Pullman; ; ; nd their neic
Wash. 99164-1173, Phone: (509) 335-8596, FAX: (509) 335-1173, email: 5’?rate level of precaution by prescribed burners a :

yoder@wsu.edu bors. The intent of this paper is to provide a conceptual fran
Manuscript accepted 9 Jan. 2002. work for assessing the economic efficiency and incentive effe

306 JOURNAL OF RANGE MANAGEMENT 56(4) July 2003



of prescribed burning liability law so thatalso can be considered a costly precautionThis model provides a framework for
rangeland resource managers can mohy the burner (Roberts et al. 1999). understanding how different liability rules
knowledgeably articulate to policy makers The economically efficient levels of pre-influence incentives for prescribed burner:
the relative merits of alternative liability caution invested by the burner (B) and theo practice precaution and for potentia
statutes. victim (V) are those that maximiZ@, the victims to mitigate potential damage.
total net expected value of a burnsStrict liability will be considered first, fol-
Assuming that the probability of an escapéwed by an analysis of negligence rules.
A Model of Liability for (P(B)) and damage to the victim (D(V))
Prescribed Burning dec_llne at a d_|m|n|sh|ng rate with increasggrict liability
es in precaution by the burner and victim consider 2 scenarios: (1) the burner i
We will examine 2 neighboring property(% and V) r%Spe(}t'.Vehl’.’ the model %r_o-not liable for (not required to pay for)
owners. One neighbor applies prescribef@®S @ number of implications regardingjamage suffered by the victim, and (2) th
burning to his land, and a neighbor’s propt'€ OPtimal precaution of the burner angyymer is liable for damage suffered by th
erty would suffer damage if the fire the victim. Economic efficiency requiresyjctim.
escaped onto his land. Suppose the prob&at Poth the burner and the victim take Scenario (1) represents the case whe
bility of an escaped fire depends on preRrecautions to reduce potential damaggo restrictions or responsibilities were
caution effort by the burner, and the exter@XCept in special cases. First, if precautioplaced on burners with regard to damag
of damage —given that a fire escapes-by either the burner or the victim (B or V,and burning. The victim bears all of the
depends on precautionary effort taken byespectively) is very costly or ineffectivedamage costs from an escaped fire, ar
the victim. The following model is adapt-at reducing either the risk of escape (P(B)ill therefore exert the economically effi-
ed from Brown (1973) and developed folor damage to the victim (D(V)), then itcient level of precaution. On the other
this scenario by Yoder et al (2003). may be optimal for one, the other, or evehand, the burner bears none of the dama
First, consider the efficient (wealth-both parties to expend no precautionargosts if a fire escapes, and will therefore
maximizing) levels of precaution; we will effort even when the use of prescribed firexert no effort to reduce the likelihood of
then examine the effectiveness of variouis beneficial to the burner or to society inescape. If the burner has cost-effectiv
liability rules for inducing this allocation. general (i.eM(B = 0,V = 0) > 0). Second, means of reducing the probability of
The total net value of a prescribed burn,Rf the probability of escape that leads taescape, this level of precaution (B = 0) i
is the value of the benefits from the buriamage is very low for optimal levels of Binefficiently low (“cost-effective” means
minus the precaution costs and expectegrecaution by the burner), then it may béere that benefits exceed the cost for son
value of damage incurred by the burnepptimal for the victim to expend no pre-level of precaution). Therefore, the proba
and victim: cautionary effort. Similarly, if potential bility of escape will be inefficiently high
[1=R-D(V)[P(B)—-WV -W"B (1) damage is very low for even low levels ofand expected damage from prescribed fir
V (precaution by the victim), then it mayWi||| be ineffi_Cie(g;W_Pri]ght-) ] i
. = _be optimal for the burner to take no pre- In scenario (2), The burner bears all the
§r>( igclltjlzj?n\éals%?: ice),\]; ;hlg ggrr]r:e rtgl)t’he burn cautionary effort (see Yoder et al. (2003gamag¢ra] costs of an escaped fire |nd ad.ﬂ
. D(V) = damage to the victim if fire for mathematical justification of theselion to his own precaution costs, and wi
escapes (potential damage). results). therefore exert the efficient level of pre-

» P(B)J(0,1) = probability of an escape
that results in damage, Burner Victim

» V = the level of precaution invested by
the victim, Total expected n E
» B = the level of precaution invested by costs

the burner,
« W' and W = Cost of a unit of precaution
for the victim and burner, respectively.

A central component of the analysis the
follows is “expected damage,” definec
here as the statistical expectation of dar
age: P(BID(V). Notice that if either the Burner precaution —s»

probability of damage increases or poter

tial damage increases, then expected da Total expected Total expected E
age increases. Examples of V (precautic
by the victim) include the use of fire resis
tant construction materials in buildings
and fuel reduction around structures (e.c
defensible space). Examples of B (precal
tion by the burner) include fire planning,
constructing fuel breaks, notifying neigh-

bors and fire officials, and utilizing suffi- : i
cient manpower. Burning under narrov Burner precaution —» Victim precaution —»
fire prescriptions, such as highly restric

tive windows of air temperature and rela-. ) e T
tive humidity, is an important factor thaiF'g' 1. Benefits and costs for the burner (left) and victim (right) under strict liability (top) and

negligence (bottom).
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caution for any given level of victim pre- Coase (1960) in his seminal paper “Thé¢hat the burner has an incentive to satisf
caution. The top row of Figure 1 showsProblem of Social Cost.” That is, in ourthe negligence standard, and therefor
benefits and costs for the burner (left) andse of the label “victim” and “burner,” the expects to bear the costs of any damac
victim (right) under strict liability. The distinction between victim and culpritresulting from an escaped fire. This there
burner bears precautionary costs antlirns on the ability to reduce expectedore induces the victim to exert the opti-
expects to pay for damage regardless afamage, and is but a matter of degree. mhal level of care as well (Fig. 1, panel D).
his precaution level. He therefore expendwould not be unusual for a burner to suffer An important characteristic of a negli-
precautionary effort B*, which minimizes significant financial loss should his firegence rule is that the burner will choose ft
total expected costs—the sum of expecteescape even if prescribed burning providespply precautionary effort at exactly B
damage and precaution costs (panel Ayalue to society in general (e.g., fue(Fig. 1, panel C shows that the level of
The burner will choose to burn only ifreduction, wildlife habitat enhancementprecaution that minimizes total expectec
total expected costs at B* are lower thaincreased water yield, etc.). Using fire-costsborne by the burner is exactly at B
the benefits (benefits are not shown imesistant construction as well as fueldf the negligence standard is not set at th
panel A). There is one crucial weakness atduction around homes are examples @fficient level of precaution (BB*, where
a strict liability rule such as this: the vic-victim actions that can reduce expectetbtal expected social costs are at their mir
tim bears none of the damage costs of atamage from escaped fire. Indeed, thenum as in Fig. 1 panel A), it will induce
escaped fire, and therefore has no incemacrease recently in voluntary (e.g.the burner to choose the wrong level o
tive to exert effort to reduce potentialFirewise, the national wildland/urbanprecaution. Accuracy of the negligence
damage to his property (panel B). If thenterface program) and mandated (e.gstandard is therefore crucial to the succes
victim has cost-effective means of reducklorida’s fuel reduction statute) programsf a negligence rule as a means to induc
ing the extent of potential damage, thiss indicative of the view that victims pos-efficient precaution.
level of precaution (V = 0) is inefficiently sess the_r ab_ility to reduce expected qan?a%plication 3. A negligence rule is likely
low. There_fore, _ expe_cted (_Jlamagefrom wildfire regardless of the fire's ;) pa superior to strict liability when both
P(B)ID(V), will be inefficiently high for — cause. burner and victim can substantially affec
any level of B. Thls was the case scenario the value of expected damage.
(1) as well. This time, however, it iS Negligence It is possible to set a negligence rule s
because potential damage to the ViCim's it sirict burner liability, the burner high that it effectively becomes a strict lia-
property, D(V), IS t00 high rather thaneypects to bear both the costs of precawility rule. Specifically, if the precaution-
P(B) being too high. This discussion hightion and the value of damage to the victimary costs of reaching &e higher than the
lights 2 implications of the model. Now consider a negligence rule such thaéxpected damage given no precautionar
Implication 1. Strict burnediability is the burner is not liable for damage if preeffort, then it would make sense economi
more appropriate when the burner hasaution by the burner is greater than ogally for the burner to disregard the negli-
cost-effective means to reduce expectegiqual to some negligence standard]fB gence standard and simply act as if h
damage but the victim has no control ovethe burner satisfies the negligence staraces strict liability. Furthermore, given
potential damage. dard (B_>B), he will accrue only his costs that the victim is aware of this incentive,
Implication 1 suggests that when preof precaution even if the fire were tothe victim will expend no precautionary
scribed fire is, for any reason, uncommo@scape and cause damage. effort, and the result of an exceedingly
in the vicinity, it makes less economic The second row of Figure 1 illustrates @igh negligence standard is identical tc
sense for potential victims to expend efforegligence rule. In panel C, the standardtrict liability in terms of both party’s pre-
to prepare for it, and therefore efficiencyB, is set to minimize the total expectectautionary effort.
losses from imposing strict liability on thecost of the prescribed burn, which is the
burner are low. Strict burner liability is economically efficient negligence standardrgy burn or not to burn
more likely to be more appropriate wher(that is, Bin panel C is equal to B* in 1y yaqits above relate to the allocatio
and where the expected net social benefipanel A). The burner minimizes his costg¢ ofrort given that a prescribed fire is sef
of burning tend to be very low or negativedy exactly satisfying the negligence stan y the burner. Rules that result in damag
and burning is an uncommon activity.dard; anything less and he will be foundyg;, o home by the burner and rules th
Exceedingly costly precaution technolodiable, but the burner does not benefit from,g i in damage being borne by the victin
gies available to the victim have the samexerting effort beyond that point. The Vic'may affect the burner's decision to per.
result. If victims can not mitigate potentialtim then faces some probability of damage, ., 4 prescribed fire.
damage in an economical way, then strigtosts and therefore exerts precaution eﬁortUnder a negligence rule, a burner ma
liability results in no efficiency losses.V* (panel D). R and R in panel C repre- yacide to burn even if total costs outweig
Nonetheless, in fire-prone environmentssent different levels of benefit to the burny g qfits Figure 1 panel C suggests that
inadequate precaution by the victim caer. If R = R it is economically efficient to negligeﬁce rule may result in too many
result in great damage to the victim wheipurn and the burner will do so. If R =R, osibed fires. Rrepresents a level of
wildfire occurs. total expected costs are greater than the, \fit that af Bcovers both the costs of
Implication 2. Strict victim liability is 2€N€fits, but the burner will perform the,, o4 tion and expected damage. From ¢
more appropriate when the victim haé)urn because he does not expect to beé'{ficiency perspective a prescribed burr
cost-effective means to reduce expecte%aénage %OStSH isfies th I.should be conducted in this case. In cor
damage but the burner has no control over GVéN that the burer satisfies the negligag; 'R at B covers the costs of precau-
the probability of escape. gence standard, the liability will fall on the o, 1)ome py the burner in order to satisfy
Implication 2 simply flips Implication 1 \t’)'Ct'm’ thus the][e is a discontinuity in they,e negligence rule, so the burn will be
on its head. This result provides an illusPY"Ner's cost function at.BASSUMING ¢4 qcted. However, because total expec
tration of one of the central arguments oqr:omplete information, the victim knows g ¢osts (i.e., precaution costs + expecte
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damage) are larger thart & B efficien- sion that if the net benefits of prescribednput-based negligence rule cannot ensul
cy dictates that the burn should not béurning tend to be small, as is often théhat burns will not be performed too often,
conducted. Thus, a burn will be conductegase on rangelands, a strict liability rulea rule based on the value of the burn car
when it is inefficient to do so if the bene-will tend to result in too few prescribednot induce efficient precautionary effort.
fits to the burner lie between the costs dpurns if the victim could (but does not)The 2 standards must be used together
the optimal level of precaution () and mitigate potential damage to his property.address both problems. However, in orde
the total expected costs (P(B)D(V)+BY). The previous 2 paragraphs suggest the implement a value-based standard, th
For any given distribution of R, this isfollowing implication about the relative court needs information about the benefit
more likely if the net benefits to the burneeefficiency of strict liability versus negli- of a fire, as well as information about
are positive but small, and when expectegence based on the size of the benefiexpected damage and the costs of preca
damage is large relative to the precautioffom prescribed fire: tion. To implement an input based rule
costs. Indeed, benefits from a single prampiication 4. A negligence rule is likely ONIY information about damage and pre
scribed burn on rangelands are often smalh e superior to strict liability when the€2Ution costs are needed. .

relative to the risk to others (or at least NAixpected net benefits of a prescribed burn The second approach is to reinforce th

easily quantified). (including expected damage) tend to b&PUt-based negligence rule with prior reg

In contrast, strict liability requires the pigh. ulation such as requiring burners to
burner to pay for damage in every case, acquire a permit before burning.
and therefore is induced to provide effi- ] ) Presumably, this permit would only be
cient precautionary effort and start firesl he usefulness of prior regulation issued if the expected social net benefits
only when the total expected costs are ouand value-based rules the burn are positive. Acquisition of these

weighed by the benefits for any given At least 2 approaches might be used tpermits may also be contingent on evi
level of precaution by the victim. The vic-address the incentive (discussed above) @gnce of some level of preparation such &
tim, on the other hand, has no incentive toonduct too many burns under a neglia written prescribed burn plan. Permitting
expend precautionary effort. If R (thegence standard. The first approach is talso may be used as explicit elements of
gross value of benefits) falls above thedd a second type of negligence rulenegligence standard if litigation ensues
minimum total expected costs given effi-Recall that the negligence rule discussettereby facilitating pretrial settlement and
cient levels of precaution by the burnepreviously imposes a standard on th&linimizing court costs. Thus, a permit
and victim, butbelow the minimum total amount of precaution, B, given that a firesystem acts as a check on the proble
expected costs given no victim effort (V =is performed, and that this standard is ifnherent in negligence rules, that burner
0), the burn will not be performed evenprinciple chosen based on the costs arfday tend to use prescribed burning to
though it would be efficient to do so givenbenefits of precautionary effort. For pur-often.

efficient precaution by the victim. This poses of comparison, call this an “inpuﬁmplication 5. Input-based negligence stan-
case is shown in Figure 2 with R 2.Rs based” negligence standard; it imposes ngrds may be complemented by value-bast
shown in the figure, under strict liability, restriction or requirement on whether hegligence rules or a priori regulation.

V = 0. Total expected damage, and totdire should be performed in the first place. g, prescribed burns on rangeland, ber
expected costs (TC) for the burner aré second negligence rule could be basegkits tg a larger group of society must be
therefore higher for any level of B than theon the total net expected social value Ocﬁemonstrated, because benefits to a sing
efficient level resulting from V = V*. If conducting a burn. Call this a “value-jgnd owner, manager, or for a single
the benefits of the burn fall between thdased” negligence rule. It requires a bumrangeland use often will be insufficient to
minima of these 2 cost curves (e.g., R3), er to be found negligent if he conducts stify a negligence rule over strict liabili-
fire will not be set even though it would beburn when the expected total net benefitg, \/ajue-based negligence rules coulc
set if the victim were performing precau-(including expected damage) are negativlgrovide a decided advantage to input
tionary effort. It follows from this discus- (Feldman and Frost 1998). Whereas afsgeq negligence rules over the long terr

by focusing public attention on benefits as
well as requiring burners to justify burns.

* * As with many environmental regulations,
B 9[\/?” B g_lven T_C* TE: valuing the benefits of prescribed burns i
V=V VTO (V=v7) (v=0) often a subjective process. Valuing the

benefits of a prescribed burn that enhance
non-game habitat, for example, remains
challenge even to theoreticians
(Tietenberg 2000).

1
1
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1
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1 R3
/ The importance of Information and
T i transaction costs for liability rules
i i The costs of gathering information anc
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1
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Cost & benefit to burner

the effects of inconsistent or inaccurate

B ti negligence standards play a role in the re
urner precaution > ative effectiveness of a strict liability rule

) ) ) . ) ) ) versus a negligence rule because enforc

Fig. 2. The reduced incentive for victim precaution may lead to higher potential damage, ment of the 2 rules requires different infor-
more precaution by the burner, and fewer burns than is economically efficient. TC repre- a+ion (Cooter 1991). A negligence rule
sents total costs and Rrepresents benefits. '
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requires information on the extent of damgence rule may be vague, such as “@ol costs, damage, and rehabilitation cost
age only after the burner is found neglifandowner is not liable for damage causefinteragency Burned Area Emergency
gent by the court. In contrast, a strict liaby a prescribed fire unless the landowneRehabilitation Team 2000).
bility rule requires information about thefailed to exercise due care.” This rule rele- Federal agencies are liable under stal
value of damage in order to settle evergates the definition of “due care” to thecommon law and state statutory law ir
litigation event. If damage is not easily orcourts. It may be associated with substarpasically the same way that private citi-
credibly monetized, then a strict liability tial a priori uncertainty as to the actual stareens are, but agency personnel are n
rule is at a comparative disadvantage for @ard that will be imposed by the court. Orheld personally liable as are private citi-
reasons. First, over the course of numethe other hand, it allows a court to adjust taens, except for violation of the constitu-
ous litigation events, the cumulative costgvent-specific variation in the productivitytion (Chalifour 1999). As a result, there is
of generating damage estimates will band costs of precaution on a case-by-casedisconnect between federal agency pe
higher than with a negligence rule inbasis. When the efficient precaution level isonnel and liability in terms of burner
which damage estimates are only requiregklatively invariant across events, a cleaincentives. They may bear costs of negli
after a finding of negligence. Second, thetatutory standard may reduce litigatiorgence in the use of prescribed fire, bu
outcome of litigation events may be differ-costs in terms of case-specific misspecificahese costs will not be directly tied to the
ent in a setting of imperfect information agion. This characterization of statutoryvalue of damage associated with their nec
compared to a setting with perfect damagambiguity relates closely to the problem ofigence. Rather, the costs they face are tie
information, leading the burner or victimincomplete contracts, which are those corto agency-imposed penalties such a
to alter their patterns of care if the accuratracts for which all details cannot possiblyemployment termination or other punitive
cy and precision of damage estimates ise specified. Incomplete contracts aragency responses. Furthermore, unlike
guestionable. applicable to prescribed burning becausgrivate landowner performing prescribec

The difference between smoke damagspecifying appropriate weather conditiondurning, agency personnel do not directly
and physical fire damage provides amnclusive of every potential prescribedgain from the benefits of prescribed burn:
example. The extent of suffering by smokdurning objective and every rangeland setng, because they do not own and hav
inhalation from smoke exposure is likelyting is impossible. Three implications fol-rights to utilize and gain from the land anc
to be more difficult to credibly verify than low from this discussion. its attributes to the extent a landowne
fire damage to a home. I_f victims tend _tQmpIication 6. A negligence rule is Supe_does. Because of these disconnect
be able to extract excessive compensatiofjo, 1o a strict liability rule when damagebetween the agency personnel and th
burners will be “too careful” from an effi- D(V) is difficult to measure costs and benefits of burning, the model &
ciency perspective. As Cooter (1991) * ~ C developed here does not strictly apply
notes, this type of error will have morelMmplication 7. Statutory negligence stan-except to the extent that the costs and be
pronounced effects on the level of caréards should be precisely specified whegfits of burning are felt by the decision-
under a strict liability rule because thePrecaution productivity and costs are relamakers through agency rules and incentiv
effects will be felt every time litigation is tively invariant (at the margin) acrossstryctures.
brought, whereas under a negligence ruRvents. _
misspecified damages only matter when Implication 6 applies to most rangeland
the burner is found negligent. burning for many reasons. Damage to Application to Current

Perfectly specified negligence standardingeland properties is difficult and costly Statutory Law
lead to efficient effort for any prescribedt® asgeT\/ls and often ISUbJefCtt;\velybdt?\tetr_
fire, but misspecified negligence standardgin€d. Moreover, rules-or-thum at., . o .
will result in meficient prgec?aution by both have been used to reduce costs of asseS¥tiCt liability versus negligence
parties. Consider Figure 1 again. Becaudgent are likely fraught with error (e.g.,rules o o
the burner minimizes his expected costs &ngle and Bidwell 2001). Impllcat|on_ _7 _ Our m_odel |mpI!e_s that strlct_llat_)lllty is
exactly B (or B = 0 if B is set extremely suggests that for the sake of tractabilitylikely to induce efficient precaution if burn-
high), the burner's behavior will be highlystatutory negligence rules cannot cover aérs have most or complete control over th
responsive to a consistently misspecifie@0ssible scenarios, and policy make_rhkellhqod of damage dge to prescrlped f!re
negligence rule. On the other hand, if th@ewtabl_y_must S(_earch for the optimal m|xa_nd it is not cost-effect_we for potential vic-
legal standard is vague and applied incorff .specmc n.e.gllgence st_andards (e.gtims to redpce _pot_entlal property damagt
sistently by the courts, a negligence rule igelghbor notification requirements) androm fires (|.m.pI|c_at|on 1). In the u.s., 22
likely to induce either too much or too lit- ambiguous standards (“burners must exestates exp!|C|tIy |mpc.>se.ne.gllgence rules
tle precautionary effort on the part of thedue care”). _ _ and only 4 impose strlct_l|ab|llty on burn_ers
burner even if the standard is on average The next section examines current pretYoder et al. 2003). This suggests policy
applied correctly (Kolstad et al. 1990, scribed fire law in the United States in themakers recognize that potential victims
Cooter and Ulen 1988). Both imprecisecontext of the model. However, one poingenerally have some control over Fhe exter
and inaccurate negligence rules reduce ttbout the applicability to the incentives obf damage that might be sustained as
benefits of negligence standards relative tgubhc_ land ‘managers is worth notmg.result of pres_c_nbed burning.
strict liability, and both imprecision and Prescribed fire use on many public lands Two specific elements common to a
inaccuracy fo”OW from |mperfect informa_ haS been |nCreaS|ng n the |aSt decade, andmber Of neg“ge.nce St'andards a|SO SU[
tion about the cost and damage functionthe May 2000, Los Ala_mos fir_e in New port this concluspn. First, some state:
in a given case of prescribed burning. Mexico is a well-known |Ilust_rat|on c_)f the have a 2-part n_egllgenc_e standard: (a) tr

If a negligence rule is imposed, informa:grave consequences of the issue dlsg:usswrr!erlmust_ notify all adjacent landowner
tion deficencies also W shape thestruc-  here. It was started as a prescribed fire byf his intentions, and (b), the burngr mus
ture of a negligence rule. A statutory negli-the National Parks Service and resulted inse all due caution to prevent the fire fron

approximately 24.5 million dollars in con-escaping the property. The first element i
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very specific, and (at least in principle)a house that might contribute to the exteritere that leads to such a requirement |
easily verifiable. The second elemenbf damage, for example) may then be pethat without such a negligence standarc
leaves the definition of “due caution” forformed only when the potential for anthe costs of a burner leaving a site prems
the court to define on a case-by-case bassscaped prescribed fire exists, and neddrely would likely be borne at least to
The point is that if neighbors have noot be applied at other times. Furthermoresome extent by a neighboring landowne
means to mitigate potential damage, therthe cost to a burner of notifying adjacentather than the burner. But this is ye!
would be no apparent motivation for thdandowners is likely to be relatively low. another example of an incomplete contrac
notification requirement. As a result, notification of neighbors will in that specifying every indicator of “dead
Second, states can have a contributomgduce the overall expected costs of a preut” fires would be impossible. Moreover,
negligence element in their statute. Nacribed burn. Of course, the threat of wildthe “dead out” requirement assumes lov
rangeland state has such an element fime still exists, but this probability is sepa-cost to the burner when in some case:
their statutes (only Connecticut andate from that of prescribed burns fronpracticality in assessing “due care” in
lllinois have such). The statute has meribeighbors. It should be noted that not allegard to attaining this standard woulc
in that if victims do not expend reasonabl@recautionary effort need be time-specifictesult in high cost to the burner. This is
effort to mitigate potential damage to theilFor example, using fire-resistant buildingespecially true on rangelands in whict
own property, the prescribed burner frommaterials does not necessarily requirkarge burns, complex fuel involvement,
whose land the fire originated will not betimely notification. rough topography, and other factors, limif
held liable. This contributory negligence It would also be possible for a notifica-the burner’s ability to completely and
rule recognizes a precautionary role fotion requirement to extend beyond adjaaccurately assess the fire's status
potential victims. The model suggests thatent landowners. However, notifying nearMoreover, the probability of fire escape
strict liability provides little incentive for by landowners is not costless, and theay be very low. The specifics of the
potential victims to exercise precautionaryotential gains from prior notification arelevel of certainty of “safe-to-leave” deci-
effort. Given that potential victims of likely to be lower because landowners fursions (i.e., mopping up including thorough
escaped fire have an ability to mitigateher away will most likely have more time*“cold trailing”) are not well defined in the
damage, these specific requirements d@b react to the news of an escaped firgangeland fire literature and are beyont
notification and contributory negligenceAlso, the probability of a fire crossing anthe scope of this paper.
are consistent with the finding that mosadjacent landholding and onto landhold- Specific negligence rules for cost-effec-
states with prescribed fire statutes rely oimgs further away are lower, so the expective inputs such as notification and on-site
negligence rules rather than strict liabilityed costs to distant landowners are lowepresence are consistent with implication 7
(Yoder et al. 2003). Thus, the expected net benefits from &ecause it is unlikely that the costs of suc
Four states, including 2 rangeland statesotification requirement for distant land-precautions will outweigh their expected
(North Dakota and Oklahoma), imposeholdings is not as compelling. Indeed, ndenefits (i.e. reductions in expected dam
strict liability on the burner. Oklahoma'slandowner notification requirementsage). Even though limitations to their cost:
liability law was enacted in 1890 (prior toextend to non-adjacent landownerseffectiveness exist, statutory specificatior
statehood) and last revised in 2001. NortNotification requirements to non-adjacenbf these rules will provide a higher degree
Dakota's was enacted in 1877 (last revisddndowners could be justified in some sitof certainty about negligence require-
in 1943). The other 2 states, Newations. For example, in some states smatients, thereby more effectively inducing
Hampshire and Connecticut, are in théand holdings are common and fire spreagroper precautionary incentives anc
northern eastern seaboard states, wheise sufficiently rapid that non-adjacentreduce transaction costs of court proceec
prescribed burning is relatively uncom-andowners might not have time to react. ings.
mon (implying a relatively low net value). In some states, a burner must notify a The productivity and costs of many pre-
This distribution of strict liability rules is related regulatory agency before burningautionary inputs, however, depend on th
consistent with our model (implication 4)in order to escape potential criminal penalspecific circumstances of a case. Attempt
in that states with strict liability rules tendties or civil liability. Colorado statutes to impose a priori statutory requirements
to be in states where the net benefits dftate that a person who starts a fire is néor input levels may lead to improperly

burning tend to be relatively low. liable for the expenses of extinguishing aspecified negligence rules for many case:
escaped fire if he notifies the sheriff of theand therefore should on efficiency ground:
Specificity of negligence rules time and place of the burn. To the exteribe left for a case-by-case analysis. Indee

Statutory rules relating to prescribed ﬁréhat prior notificatior) reduces the cost oall statutory negligence standards for pre
often contain an ambiguous statemerjficreases the effgctwengss of publlc.flrescrlbed fire allow the courts f[he I.eeway tc
requiring “due care”, as well as more spef_lghtlng effort, this negligence require-define “due care” (implication 7).
cific rules that are necessary (but not suffient does so at only a small cost to th€ommon elements considered by tht
cient) to satisfy due care. The economi@urner (a telephone call, perhaps). courts in setting due care standard
logic behind one common specific rule, Another common specmc requirementinclude starting fires durmg excessive dry:
the requirement to notify neighbors, is a&Mong state statues is that burners musess and foreseeable windiness, failure |
follows. If landowners expect to be noti-"émain \_Nlth the_ fire until it is completely build adequ_ate firebreaks aroun_d the k_)ur
fied of their neighbor's intentions of IOIre_extmgwshed (i.e., “dead out”). On onearea, burning too close to neighborinc
scribed burning, they need only be on alefand, the cost to a Iando'vv'ner (or th@roperty or bwldmgs, and lack of suffi-
for an escaped prescribed fire when suchlandowner's agent) for remaining an addieient accessible water (25ALR5th 391)
fire is planned (and reported). Thistional hour or day on a burn site is I|ker_The appropriate use of each of thes_e_ inpu
undoubtedly lowers their overall precaut® be relatively low compared to theis relatively case dependent. Specificatiol
tion costs, because time-sensitive preca@-XpeCted costs of an escape from an unatf statutory limits to be used in all cases
tionary effort (clearing dry vegetation neafténded smoldering fire. The crucial pointvould likely induce inappropriate precau-
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tionary levels in many cases. Specifying &uildings, the potential contribution of thespread across numerous landholdings in

complex set of statutory requirementdire to air pollution, climatic conditions, region. If this conjecture is correct, we

based on a broad set of possible states afid other related factors. These requiravould expect this type of statutory

nature would arguably be more difficultments, when used in conjunction with aesponse in areas where prescribed burl

(costly) than addressing these issues onnggligence rule, are consistent with impliing can reduce the total social costs of fire

case by case basis. cation 5. Pre-fire acquisition of a permit isgenerally (that is, the net cost of pre-
An important characteristic of courtnecessary to be eligible for public fire-scribed fires plus the costs of wildfires anc

negligence findings is that courts usuallysuppression support in some states, artideir control).

distinguish between foreseeable factorthe acquisition of a permit is an element of

and abnormal or unforseeable factors cora negligence rule in some states as well.

tributing to the spread of fire, such as Conclusions

abnormal change in wind speed or direCA new generation of prescribed fire

tion. Our model suggests that the prObab”étatuteS Prescribed fire is a land managemen

:2,ng; t;1he03|r§ ggrgggé?(?e:gdn\?\;ﬁgr?oergggb_A new generation of presqribed firetool with long historical roots in range-
lishing negligence. This probability is instatutes have been _de\(elope_d in the_ soqﬂamds of North America, Au_stralla, and
turn based in part' on expectations abo astern states beginning with Florida melspwhere. A resurgence in interest fron
exogenous factors such as wind. Whe 990 (Brenner and Wade 1992). Thecientists, land managers, and_ legislatol
deciding whether a burner started a fir Ior]da statute goes to great length to redias led to substantial changes in the stat
negligently, courts generally base theiP9nize prescribed burning asa useful _Ia_ntnbr_y law of many states in recent years
decisions c,)n the information that wa management tool. The Ieg|slat_|on epr|C|t-Th|s paper examines the economics qf lia
available to burners at the time the ﬁrZy recognizes ecological benefits, and berbility for prespnbed fire. Using a.graph|cal
was started. A burner may be found negligms from reducing the likelihood andrepresentation of a mathematical mode
gent if prevéiling winds were unsatisfacto-s'.evemy of W!Idflres. It _epr|C|tIy recog- d_eveloped in Yoder et al. (2003), we pro:
ry when the fire was ignited, but generallyn.'zes prescribed burning as a propertyide a conceptual framework for improv-
would not be found negligent for therlght, supject toa relatlvely detalled set pfng. eX|st|ng.poI|cy_ at a time when pre-
spread of fire resulting from an abnormaPreca.Ut'onary requirements. Flnally, |tscr|bed_bum|ng policy is in a state of flu_x.
and unforeseen change in the wind paﬁ_pemﬂes that_ landowners are not Ilabl_e for The r|s_k of fire escaping to nelghborlng
terns (25 ALR5th 391) amage or injury caused by escaped fire qmndholdlngs alyvays accompanies the us
' smoke unless found to be grossly neglief prescribed fire, and burners therefore
gent. Other southern states to explicitlynay not bear all of the potential costs o
Permits and regulatory require- recognize prescribed burning as a beneftheir prescribed burning decisions.
ments cial property right include Georgia, Criminal and civil liability rules specified
Regulatory restrictions and permits ard-ouisiana, Mississippi, and North by Iegislation and enforced by the court:
property rules providing landowners WithCarqllrja. In the' pontext of our model, the/york to Inte_rnallze these CQStS_. The rela
the right to burn only if they satisfy a Selexpllmt recognition of the valu_e of pre-tive effe_ctlveness of a I|ab|I|_ty rul_(=T
of requirements delineated by statute an‘éF“b?d burning acts to emphas_lze t_he poslepends in large part on the relative ab|!|'g)
regulatory agencies. Otherwise, the burnéibility that R in Figure 1 is high, of burners and gther landowners to miti-
may be subject to criminal penaltiesarguably increasing the likelihood that agate the probability and extent of damage
These are different from liability rules, value-based rule is found by the courts tas w_eII as the transaction costs associats
where burners have the right to perforne satisfied. The requirement of gross negvith |mple_ment|ng a given liability rule..
prescribed burns but must bear the liabilitjigence arguably lowers the negligence All negligence rules rely on an ambigu-
associated with the burn. As is the cas&fandard, Brelative to not requiring grossous requirement of due care that is left t
with many environmental issues, a priornegli_gence. 'I_'hese statutes are therefob® defined more specifically by t_h_e courts
regulation and ex post liability are usedonsistent \_N|th an apparent attempt tbut many states include specific negli-
simultaneously in many states to addregg§duce the likelihood of prescribed burnegence standards as well. Most qf the
prescribed fire externalities. liability. recent changes in statutory Iaw_relatlng 1
Property rules for prescribed burning are If land and demograph_ic char_acteristi0$>rescr|beo_l fire prowde substantial suppor
imposed for 2 general types of activitiesOf sou_thern states re_sult m_relatlvely largdor prescr;bed flre. as a Iand.managgm(.er
for burning without a permit or contrary tobenefits from prescribed fire, our mode.tool despite the risks associated with it:
permit stipulations, and for leaving a firepredicts more widespread !Jse.of neglluse: These changes may result more fro
unattended or for negligent escape angence rules in these states (implication 5jhe increasing ewder_lce that prescribed f_|r
failure to extinguish. Most states maintaifone conjecture regarding the relative sup:—an.be. a cost-effe.ctlve means .of .reducm
a permit system for prescribed burning?ort of prescribed burning in these nevthe mudence and intensity of W|Idf|rgs.
under some circumstances. |n some Statggtutes is that these statutes are a respons@hls paper Is about tradeoffs in the
satisfaction of permit requirements is necto an apparent growing recognition of thedes_,ign of law. State prescribed fire law
essary to avoid potential fines and otheiole of prescribed fire as a wildfire man-varies across states, and t.hese laws affe
criminal penalties. To acquire a permitagement tool. . the amount of precautionary 'effort
the landowner may have to show suffi- To the extent that reduction of fuel loadexpended by burners and their neighbor:
cient knowledge, preparation, and notiﬁfesul_ting_ from controlled _burning_reduce§_tr|ct liability induces appropriate precau-
cation of neighbors or public fire-fighting the likelihood and severity of wildfires, tion from thg person (_:onductlng the burr
entities. Colorado's statute, for example?rescribed burners may contribute positivef a prescribed fire is performed, but
states that permits are to be issued baseyternalities by reducing potential fuelneighbors have little incentive to reduce
on the proximity of the planned burn toaccumulation that would contribute to firepotential damage. Negligence standards,
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